Voxel-based morphometry (VBM) is a hypothesis-free, whole-brain, voxel-by-voxel analytic method that attempts to compare imaging data between populations. Schizophrenia studies have utilized this method to localize differences in diffusion tensor imaging (DTI) derived fractional anisotropy (FA), a measure of white matter integrity, between patients and healthy controls. The number of publications has grown, although it is unclear how reliable and reproducible this method is, given the subtle white matter abnormalities expected in schizophrenia. Here we analyze and combine results from 23 studies published to date that use VBM to study schizophrenia in order to evaluate the reproducibility of this method in DTI analysis. Coordinates of each region reported in DTI VBM studies published thus far in schizophrenia were plotted onto a Montreal Neurological Institute atlas, and their anatomical locations were recorded. Results indicated that the reductions of FA in patients with schizophrenia were scattered across the brain. Moreover, even the most consistently reported regions were reported independently in less than 35% of the articles studied. Other instances of reduced FA were replicated at an even lower rate. Our findings demonstrate striking inconsistency, with none of the regions reported in much more than a third of the published articles. This poor replication rate suggests that the application of VBM to DTI data may not be the optimal way for finding the subtle microstructural abnormalities suggested in schizophrenia.
Introduction
Schizophrenia is a disease characterized, in part, by abnormalities in white matter that affect brain connectivity (Davis et al., 2003) . It is not clear, however, whether these abnormalities affect the entire white matter equally, or if they are localized and limited to specific structures or connections. Both of these hypotheses have been suggested, and are frequently tested using a wide variety of in vitro and in vivo methods. Among those methods is diffusion tensor imaging (DTI), the first and so far the most powerful in vivo method that can be used to quantify the integrity of white matter (by means of the properties of water diffusion in human brain tissue) (Basser et al., 1994) . DTI measures the diffusion of water molecules throughout the brain, including water in the cerebrospinal, intracellular, and extracellular fluids. Since ventricular spaces, gray matter, and white matter each have different structural properties, water diffusion in each respective region is likewise unique.
One measure that is of particular interest in DTI studies is fractional anisotropy (FA). FA is a measure of directional preference in water diffusion (Basser, 1995) . As the axon bundles and myelin sheaths in the major fiber bundles of the brain cause water to preferentially diffuse parallel with the direction of the fiber bundle, FA can be interpreted as a measure of the integrity of the white matter in the area being investigated. Many different post-processing methods have been utilized to look at changes in FA in schizophrenic patients, with hopes of linking white matter abnormalities to the clinical symptoms seen in this devastating disease.
Post-processing and analytic techniques used for DTI data usually employ one of two approaches. The first approach is hypothesisdriven, where investigators focus on one or a few specific regions of the brain, defined by either manually placed regions of interest (ROIs), or extracted through a more automated means such as fiber tractography. The second approach is hypothesis-free and involves searching the entire brain in order to find regions (voxels) that differ between groups.
Articles taking the first approach have reported both global (or widespread) (e.g. Lim et al., 1999; Minami et al., 2003; Kumra et al., 2004; Mitelman et al., 2006) as well as local FA differences. The latter were reported to be limited to frontal connection abnormalities (Kitamura et al., 2005) , interhemispheric connection abnormalities, such as the splenium of the corpus callosum (Foong et al., 2000) , and fronto-temporal connection abnormalities, such as the cingulum bundle (Kubicki et al., 2003; Sun et al., 2003) , uncinate fasciculus (Kubicki et al., 2002; Price et al., 2008) , inferior occipito-frontal
